In this paper, the design method of seismic behavior of diagonally reinforced coupling beams with small span-to-depth is studied under the background that the span-to-depth is less than 1.5, exploring the multi-objective optimization of FRC diagonally reinforced coupling beams, obtaining an economical and practical component of coupling beams. Under the premise that the coupling beam meets the requirements of shear bearing capacity, the cost of the project is reduced as much as possible. Or in the certain engineering cost range, the coupling beam gives a full play to its mechanical properties. So, the author took the project cost and the shear capacity as the objective functions, introduced weighted coefficients to construct an evaluation function, and used MATLAB program to solve nonlinear optimization problems, providing a reference for the optimization design of the composite structure components and multi-objective optimization problems.
INTRODUCTION
The small span-to-depth beam is an anti-bending point in the anti-symmetrical curved deep beam, and its shear bending is relatively large, which makes it difficult to avoid premature shear failure before achieving the required ductility. In recent years, scholars from all over the world adopted the following methods to research the stress performance of the coupling beams, (1) to change the form of reinforced concrete reinforcements [5] [6] [7] [8] , (2) to improve the property of the matrix material (concrete) [9, 10] , (3) to embed steels to coupling beams and so on. In addition, references, [6] , [10] , [13] , [14] and [15] have provided a lot of sufficient evidences to know this kind of coupling beam for us.
It's very important to do the rationally optimized design in order to make FRC diagonally reinforced coupling beams with small span-to-depth achieve the best economic performance requirements under the certain technical and material conditions. At present, the development of single-objective optimization design theory is more mature, while the multi-objective optimization design method is rarely reported [16] . The paper established a multi-objective optimization design of FRC diagonally reinforced coupling beam with small span-to-depth, built an optimized objective function with the minimal structure project cost and the maximum shear bearing capacity, seeking the optimal combination of variables, and then provided a theoretical basis for the actual construction of FRC diagonally reinforced coupling beams with small span-to-depth.
OPTIMAL DESIGN

The Design Variables
To achieve the simplest optimization design, the following provisions about the relevant parameters of FRC diagonally reinforced coupling beams with small spanto-depth ratio have been made by writer. (1)The clear span of coupling beam was known, the span-to-depth ratio of coupling beams was controlled by adjusting the cross section height of coupling beams. (2)The strength grades of concrete, longitudinal reinforcements, diagonal reinforcements and stirrups were selected by the standards and criterion [1, 2] of China. (3)The minimum diameter of stirrups and the maximum distance between them meet the requirements of Seismic code for architectural design [3] and they were not optimization variables. (4)The longitudinal reinforcements and longitudinal structure bars were all symmetrically arranged. (5)The thickness of protective layer of FRC the coupling beam was selected according to Technical specification for concrete structure of high rise building [2] . (6)The compressive strength of FRC adopted the average value of compressive strength which has been measured in document [15] of the cubes of CB2-CB5 . The sensitivity of variables was considered comprehensively, so, X=[b, h, dsd, nsd, ds, ns, dsb, nsb, dsv, ssv] could be the design variables. Among them, b and h were width and height of the cross section of coupling beams. dsd and nsd were diameter and quantity of diagonal bars. ds and ns were diameter and quantity of longitudinal reinforced bars. dsb and nsb were diameter and quantity of erection steel reinforcements. dsv and ssv were diameter and distance of stirrups.
Object Function
In order to achieve the optimization objective of the project cost minimization and the maximum shear capacity of the FRC diagonally reinforced with small spanto-depth ratio coupling beams, the initial value of the single target was introduced to eliminate the dimensional differences. And the evaluation function was established by the linear weighting method (added the minus in the front of strain energy, then the minimum value can be obtained), transforming multi-objective optimization into single objective optimization as Eq. (1).
Where  and  were weighting coefficients, and
were project cost and strain capacity as Eq. (2) and (3) [15] . 0 C and 0 V were initial values of engineering cost and shear bearing capacity. 
Where as was the cross section height of inclined bar of the FRC coupling beam. α was the angle between the diagonal reinforcement and the horizontal direction. 
SOLVING METHOD AND PROCEDURE
Complex Method has become a general method for solving nonlinear optimization problems [5] with constraints. The Complex Method is a polyhedron consisting of the vertices of K>(n+1) in the feasible space of n-dimensional nonlinear constraint. The iterative process, that is to say, compared the function value of each vertex one by one. Constantly abandoning the vertex of the lowest inferior of the function value, and gradually approaching until the objective function converged to get the optimal point. The idea of the complex method originated from the Simplex Method. In this paper, by the optimized thought of the complex method, and MATLAB programming, the optimal solution of FRC beam with small span-todepth ratio was obtained under the design variables determined by the author.
EXAMPLE ANALYSIS
The design value of the bending moment acting on the end section of the reinforced concrete coupling beam was 270kN·m, and the length of the coupling beam was l0=900mm.
Material property, the strength grade of concrete was C40. Longitudinal reinforcements and diagonal reinforcements were all HRB400. The stirrups were HRB335. And the mechanical properties of the materials were selected according to the current specifications.
Unit-price of materials, FRC concrete was 300 RMB/m3. The longitudinal reinforcement was 3200 RMB /t. The stirrup was 3000 RMB /t.
The Routine Design
According to the known conditions of the example, the design of section size and reinforcements of coupling beams was accomplished by PKPM. The design result of the conventional coupling beam was shown in Figure 1 .
The Optimum Design
In order to eliminate the dimensional differences and accelerate the convergence of the program, the engineering cost 0 C and shear capacity 0 V that before optimization were taken as the initial values of optimization as formulas (4) and (5). 
C0=526.1+43.0+18.2+26.7=614.0 (RMB) (4)
V0=836177.4/0.75=1114903.2(N)≈1114.9(kN)
The optimized design result was shown in Figure 2 . In order to intuitively show the relationship between the different weighting coefficients and the corresponding optimization targets, the relationship between the data presented in Table 1 was shown in Figure 3 , and the analysis showed:
(1) The degree of strictness of constraints directly affected the results of optimization. From the data in Table 1 ,we can see that when α = 0.0 and 0.2(or β = 1.0 and 0.8), the bearing capacity of the component was mainly considered, and the engineering cost was higher than the average level. The result was shown in Fig.3 . When α= 1.0, β= 0.0, the corresponding constraints of the shear performance didn't work anymore, the optimization was converted from multi-objective optimization to single objective optimization, thus, the project cost reached the minimum.
(2) When 0≤α≤0.4, only the shear bearing capacity of oblique section has been optimized. When 0.60≤α≤1.00, only the cost has been optimized. And when 0.4<α<0.6, both the shear strength and the engineering cost of beams have been optimized to a certain extent. Especially, if α=0.4 and β=0.6, the project cost was equivalent to the before optimization, but the bearing capacity of inclined section of the coupling beam enhanced 69% than before optimization. If α=0.6 and β=0.4, the bearing capacity was slightly higher than that before optimization, and the project cost has been reduced by 42%.
CONCLUSIONS
(1) By using the linear weighting method and introducing weighting coefficients to construct the optimal objective function, at the same time, eliminating differences between the two optimization objectives with the aid of initial values under a single objective, and using mature single objective optimization design concept to solve the multi-objective optimization problem were reasonable and feasible.
(2) In the practical engineering optimization design, in order to balance the economic and practical design goals, we needed to consider more than one multiple optimization objectives, so, the designers could take the main optimization target into consideration by adjusting the weighting coefficients, and get a optimal design scheme in line with the actual project.
